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(57) ABSTRACT 

An interconnect, having some length, that reliably connects 
two conductors separated by the length of the interconnect 
when the connection is made but in which one length if 
unstressed would change relative to the other in operation. 
The interconnect comprises a base element an intermediate 
element and a top element. Each element is rectangular and 
formed of a conducting material and has opposed ends. The 
elements are arranged in a generally Z-shape with the base 
element having one end adapted to be connected to one 
conductor. The top element has one end adapted to be 
connected to another conductor and the intermediate ele- 
ment has its ends disposed against the other end of the base 
and the top element. Brazes mechanically and electrically 
interconnect the intermediate element to the base and the top 
elements proximate the corresponding ends of the elements. 
When the respective ends of the base and the top elements 
are connected to the conductors, an electrical connection is 
formed therebetween, and when the conductors are rela- 
tively moved or the interconnect elements change length the 
elements accommodate the changes and the associated com- 
pression and tension forces in such a way that the intercon- 
nect does not mechanically fatigue. 

9 Claims, 1 Drawing Sheet 
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ZEE ELECTRICAL INTERCONNECT 

This invention described herein was made in the perfor- 
mance of work under Contract No. NAS-5-32500 awarded 
by the National Aeronautics and Space Administration and 
is subject to the provisions of Section 305 of the National 
Aeronautics and Space Act of 1958, as amended 
(42.U.S.C.2457). 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to electrical interconnects, 
and more particularly to an interconnect for electrically 
connecting two conductors separated by some length which 
repeatedly expands and contracts. 

2. Description of the Prior Art 

An important source of electrical power for an orbiting 
satellite is its solar array. In the solar array, an electrical 
connection is typically made between the solar cell circuits, 
which convert solar energy into electrical energy, and an 
electrical wiring harness, which conducts the electrical 
energy into the spacecraft. Such connections and the sub- 
strates to which they are mounted are subject to cyclical, 
extreme variations in temperature. These variations occur as 
the satellite orbits the earth. They result from the satellite 
being in complete sunlight at some times and being in the 
shadow of the earth at other times. These temperature 
variations, along with the coefficient of thermal expansion of 
the substrate, which carries the solar cell circuits and 
harness, cause a change in distance between those compo- 
nents. Similarly, the unstressed length of the electrical 
connection, which connects the circuits and the harness, 
changes, but by a different amount. As the substrate is 
generally stiffer than the electrical connection, the electrical 
connection is stressed. 

In this regard it has been found that in certain solar arrays 
the electrical connection failed. Simply put, every hot to 
cold cycle slightly bent the electrical connection. Eventually, 
it failed due to mechanical fatigue. 

A prior solution to the problem was the use of a conductor 
in the form of a ribbon electrical interconnect which had a 
half-loop formed intermediate to its ends to relieve stress. 
The stress relief improved performance compared to a flat 
conductor but was found inadequate for spacecraft that had 
many tens of thousands of repeated movements between the 
connected points. 

What is needed, therefore, is an interconnect for electri- 
cally connecting the harness to the solar cell circuits that can 
accommodate the repeated changes in temperature. An addi- 
tional requirement in some cases is that the interconnect 
must be low in height to accommodate the packing require- 
ments for some solar arrays. 

SUMMARY OF THE INVENTION 

The preceding and other shortcomings of the prior art are 
addressed and overcome by the present invention which 
provides an interconnect for electrically connecting two 
conductors in which the distance between the conductors 
and the length of the unstressed interconnect change relative 
to each other. The interconnect includes a base element, an 
intermediate element and a top element. Each element is 
comprised of an electrically conducting material. The ele- 
ments are arranged in a generally Z-shape with the free end 
of the base element connected to one conductor and the free 
end of the top element connected to the other conductor. The 
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intermediate element has its ends disposed adjacent to 
corresponding ends of the base and the top elements. Brazes 
electrically and mechanically secure the intermediate ele- 
ment to the respective base and top elements which proxi- 
5 mate the corresponding free ends of the elements. This 
configuration enables the three elements to accommodate 
changes in the separation distance between the conductors 
and to absorb the associated compression and tension forces 
on the elements. In addition, the increased length of the 
10 conductive elements compared to prior art elements, enables 
them to be less stressed by dramatic changes in the tem- 
perature of the environment. 

Equivalently, the present invention relates to an intercon- 
nect for electrically connecting two conductors separated by 
15 some length which remains fixed while the unstressed length 
of the interconnect changes, generally due to its coefficient 
of thermal expansion as it is heated or cooled. It also relates 
to an interconnect for electrically connecting two conductors 
separated by some length which expands and contracts while 
20 the unstressed length of the interconnect also expands and 
contracts, but at a different rate. More succinctly, the 
invention, having some length, reliably connects two con- 
ductors separated by the same length when the connection is 
made; but in which the one unstressed length cyclically 
25 changes relative to the other in operation. 

The foregoing and additional features and advantages of 
this invention will become apparent from the detailed 
description and accompanying drawing figures below. In the 
figures and the written description, numerals indicate the 
30 various elements of the invention, like numerals referring to 
like elements throughout both the drawing figures and the 
written description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

35 

FIG. 1 diagrammatically illustrates the interconnect in 
accordance with the present invention. 

FIG. 2 is a top plan view of the interconnect illustrated in 
FIG. 1. 

40 FIG. 3 is a diagrammatic representation of the intercon- 
nect shown in FIG. 1 when it is subjected to compression. 

FIG. 4 is a diagrammatic representation of the intercon- 
nect shown in FIG. 1 when it is subjected tension. 

FIG. 5 is an alternative embodiment of the interconnect. 
45 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

FIG. 1 and FIG. 2 illustrate the invention. The invention 
50 is generally designated by the numeral 10. Briefly, the 
interconnect 10 includes a base element 12, an intermediate 
element 14 and a top element 16. Each element 12, 14 and 
16 has an elongated shape with a rectangular cross section 
such that it appears to resemble a ribbon, and is formed from 
55 an electrically conducting material, such as copper, Kovar™ 
or other conductor. The elements are arranged in a compact 
Z-shape with a relatively small height as measured from the 
bottom surface of he base element 12 to the uppermost area 
of the top surface 16. 

60 More particularly, the intermediate element is arranged 
with its ends 26 and 28 disposed against the end 30 of the 
base element and the end 32 of the top element 16. Two 
brazes 34 secure the intermediate element 14 to the base 
element 12 and two brazes 36 to secure it to the top element 
65 16 at locations proximate the ends of the elements. The base 
element 12 and the top element 16 are secured to the 
contacts 20 on the respective conductors 22 and 24 by 
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solder, although small rivets, brazing, or the like can also be 
used. Thus electrical continuity between the conductors is 
achieved. 

In an alternative embodiment the brazed joints are 
replaced with solder joints or with any similar means of 
making the physical and electrical connection between the 
base, intermediate and top elements. 

In operation, the interconnect 10 provides a continuous 
electrical path from the contact 20 on conductor 22 through 
the elements 12, 14 and 16 to the contact 20 on conductor 
24. 

In a preferred embodiment the conductors 22 and 24, 
respectively, serve to mount solar cell circuits on a solar cell 
panel or blanket and an electrical wiring harness. The solar 
cell circuits are generally used on orbiting satellites to 
receive solar energy and convert it into electrical energy to 
power the electrical equipment in the satellite. The solar cell 
blanket or panels extend from the satellite and are therefore 
subject to extreme temperature changes. Because of tem- 
perature changes, the surfaces containing the solar cell 
circuits and the wiring harness constantly change position 
(both vertically and horizontally as shown in FIG. 1) and 
exhibit many contractions or expansions in distance ther- 
ebetween. This induces both compression and expansion in 
the interconnect and could induce stresses to the contacts for 
solar cell circuits and the wiring harness. As described the 
interconnect 10 spreads the strain due to length change over 
an area of the body of the base, the intermediate and the top 
elements. This enables the interconnect to undergo repeated 
compression and expansion cycles without cracking. As the 
conductive material of the interconnect has a characteristic 
stiffness that is less than that of the platform on which the 
conductors are fixed, it is the conductive material that bends 
and not the platform. 

Referring now to FIGS. 3 and 4 the functional operation 
of the interconnect is shown when subjected to compression 
and expansion. In FIG. 3 effects of compression are illus- 
trated. In compression the distance between the contacts 20 
of the separated conductors 22 and 24 is smaller or the 
length of the interconnect has increased from that illustrated 
in FIG. 1 and the interconnect has a shape in which the base 
element 12 bends upwardly, the intermediate element 14 
curves so that its end 28 is adjacent the base element 12 and 
the top element 16 curves as shown. In FIG. 4, the inter- 
connect is shown under expansion whereby the distance 
between the contacts 20 is greater and/or the length of the 
interconnect has decreased from that illustrated in FIG. 1. As 
illustrated, the base element 12 is curved “down” slightly, 
the intermediate element 14 separates from the base element 
12 with a curved shape and the top element 16 has a 
generally curved shape. Although the distance between the 
contacts changed and/or the length of the interconnect 
changed, the interconnect absorbed the change by bending 
in a manner that reduces fatigue to negligible levels. In 
comparison, the prior art interconnect having a half-loop 
formed in the conducting material so as to relieve strain 
concentrates the bending at the top of its half loop. 
Therefore, the prior art interconnect undergoes stress that is 
much higher at the top of the loop and under repeated 
cycling has been found to fail. 

Displacement tests on interconnects 10 formed in accor- 
dance with the present invention produced the following 
results. In the tests, the greater the displacement, the more 
likely it is that an interconnect will fail at a lower number of 
displacement cycles. In five of the six tests conducted, the 
interconnect of the present invention did not fail before the 
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test was stopped. More particularly, six interconnects that 
were annealed, 0.2 inches wide, 0.6 inches high and 4.0 
inches in length with brazes to secure the elements and six 
interconnects having the same characteristics except that the 
5 height was 0.5 inches high were subject to displacement 
tests. In this, the interconnects were displaced ±0.015 inches 
over 1,000,000 cycles without failing. In contrast, two tests 
on prior art interconnects with the half-loop stress relief 
portion were tested to a lesser displacement of ±0.006 
10 inches. One failed at 23,689 cycles and the other failed at 
71,431 cycles. 

Referring now to FIG. 5 an alternative embodiment of the 
interconnect 10 is illustrated in accordance with the present 
invention. As shown the interconnect 10 has base 12, 
15 intermediate 14, and top 16 elements that are formed from 
an integral piece of conductive material such as copper or 
Kovar™. There are two spot brazes 34 connecting a portion 
of the base to the intermediate element and two spot brazes 
36 connecting the intermediate element 14 to the top ele- 
20 ment 16. The embodiment illustrated conducts electrical 
current between separated conductors and operates in 
exactly the same manner as that previously described. 

Accordingly, an improved interconnect for mechanically 
and electrically connecting contacts on separated moveable 
25 surfaces that is of low height and withstands changes in 
temperature and displacement is provided. 

Obviously, many modification and variations of the 
present invention are possible in view of the above teach- 
30 ings. Thus, it is to be understood that, within the scope of the 
appended claims, the invention may be practiced otherwise 
as specifically described above. 

What is claimed is: 

1. An interconnect for electrically connecting two con- 
35 ductors associated with solar cell circuits used on satellites 

comprising: 

a base element, an intermediate element, and a top 
element, each element being elongated with a longitu- 
dinal dimension and formed of a conducting material 
40 and having opposed ends, said elements having a thin 
rectangular cross section and being without insulation 
and arranged in a generally Z-shape with said base 
element having one end adapted to be connected to one 
conductor associated with a solar cell circuit, said top 
45 element having one end adapted to be connected to 
another conductor associated with another solar cell 
circuit, and said intermediate element having its ends 
disposed against the other ends of said base and said top 
elements; and 

50 means mechanically and electrically interconnecting said 
intermediate element to said base and said top element 
proximate the corresponding ends of said elements, 
whereby when said respective ends of said base and 
said top elements are connected to the conductors, an 
55 electrical connection is formed therebetween, having a 
length that changes corresponding to temperature 
changes of the environment, and when said conductors 
are relatively moved or the elements themselves 
expand or contract due to the temperature changes the 
60 elements absorb the corresponding separation distance 
and the associated compression and tension forces. 

2. The interconnect as set forth in claim 1, wherein said 
base, said intermediate and said top element have a uniform 
width. 

65 3. The interconnect as set forth in claim 1, wherein said 

base, said intermediate and said top element are formed from 
a metal. 
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4. The interconnect as set forth in claim 1, wherein said 
base, said intermediate and said top element are an integral 
structure. 

5. The interconnect as set forth in claim 1, wherein said 
elements are formed from a conductive material that has a 5 
characteristic stiffness that is less than that of the platform on 
which the conductors are fixed. 

6. The interconnect as set forth in claim 1, wherein said 

means of mechanically and electrically interconnecting the 
interconnects’ elements comprises a braze. 10 

7. The interconnect as set forth in claim 1, wherein said 
means of mechanically and electrically interconnecting the 
interconnects’ elements comprises solder. 

8. The interconnect as set forth in claim 1, wherein said 
elements spread strain associated with distance change 15 
between the conductors throughout their length. 

9. In a solar array having separated surfaces on which a 
wiring harness and a plurality of solar cell circuits are 
respectively mounted, an improved interconnect for electri- 
cally connecting the wiring harness to the solar cell circuit 20 
comprising: 

a base element, an intermediate element and a top 
element, each element having a thin rectangular cross 
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section, being elongated and formed from a conducting 
material without insulation, and having opposed ends, 
said elements arranged in a generally Z-shape with said 
base element having one end adapted to be connected 
to a contact on the solar cell circuit, said top element 
having one end adapted to be connected to the contact 
on the wiring harness, and said intermediate element 
having its ends disposed against the other ends of said 
base and said top elements; and 
means mechanically and electrically interconnecting said 
intermediate element to said base element and to said 
top element proximate the corresponding ends of said 
elements, whereby when said respective ends of said 
base element and said top element are connected to the 
contacts, an electrical connection is formed 
therebetween, said electrical connection having a rela- 
tively low height and a length that changes due to 
environmental temperature changes such that, the ele- 
ments accommodate the associated compression and 
tension forces due to the temperature change. 



